ABSTRACT ABSTRACT ABSTRACT ABSTRACT. Levels of sodium, potassium, nickel, copper, magnesium, iron, calcium, zinc, lead, cadmium, arsenic, selenium, chromium, manganese and tin were determined in soil, plant foods and pond located in Udege abandoned tin/columbite mining area of Nasarawa State, Nigeria. The mean concentration values of Na, K, Ni, Cu, Mg, Fe, Ca, Zn, Pb, Cd, As, Se, Cr, Mn and Sn in the soils were: 10. 69, 9.94, 0.04, 0.34, 4.55, 256.33, 209.89, 1.02, 0.20, 1.60, 1.19, 5.03, 46.79 and 1.03 mgkg -1 dry weight, respectively, while Cd was not at detectable range of atomic absorption spectrophotometer. Most metals from the soil were more highly concentrated than the corresponding values in the plant foods harvested in the same soil; samples showed evidence of bioaccumulation. Metal values of the plant foods harvested in the mining area and the ones harvested in non-mining area (control) fall within acceptable range. However, some toxic trace metals in the water sample from the pond were found to have contained concentrations above the permissible safe level. This pond should not be used as a source of potable water and other domestic purposes in the area.
INTRODUCTION
Chemical analysis of soil is important for environmental monitoring and legislation [1] . It provides information on the fertility status, index of nutrient availability and bases for fertilizer recommendation (for a given crop) as well as planning of a nutrient management programme. Metals are introduced into aquatic systems as a result of the weathering of rocks and soils, for example, volcanic eruptions and also from several human activities involving the mining, processing and uses of metals and industrial materials that contain metal contaminants [2] . Soil, whether in urban or agricultural areas represent a major sink for metals released into the environment from a variety of anthropogenic activities. These metals are not biodegradable and can undergo global ecological circles in which natural waters serve as the main pathways [3] . Natural waters are extremely complex chemical environments. Apart from dissolved and particulate matter, they contain dissolved organic matter of largely unknown compositions and almost every element in the periodic table [4] . Uncontrolled mining activities and illegal mining in developing countries have left a lot of environmental hazards and enormous amount of wastes and different types of pollutants are generated [5] . Crops provide nutritional needs of both man and animals. Man in turn also consumes the animals.
Tinstone or cassiterite (the ore of tin) and columbite are obtained from alluvial deposits associated with the younger granites which are only found in the northern states of Nigeria including those in Udege of Nasarawa State, Nigeria. Columbite, the ore of niobium, is derived from the older granite pegmatites commonly occurs as massive dull, iron-black lumps and crystals, containing varying amounts of tantalum. Mechanized mining in Nigeria started around 1939 through private owned foreign companies. The first legislation on mining was enacted in 1946 and was only reviewed in 1999 [6] . For many years tin/columbite were being mined under the supervision of the defunct Nigeria Mining Corporation, thus mechanized mining had been in practice for long time in Udege area [7] . Mechanized mining was abandoned at Udege area in 1980s due to the collapse of big mining companies in the early 70s, thus negative environmental impact is significant. The mining activities have left behind devastated landscape, exposed fertile lands, artificial dams, paddocks and abandoned ponds. It has also endangered the life of both flora and fauna in Udege area. The abandoned mining ponds are in most cases filled with water. These ponds are however, useful during dry season where they are used for irrigation, fish farming, livestock and domestic uses. Intensive farming is being practiced on the abandoned mining land by the local farmers with cowpea (Vigna unguiculata), bambara groundnut (Vigna subterranean), maize (Zea mays), guinea corn (Sorghum bicolor) and groundnut (Arachis hypogea) as major planting crops. These were the crops investigated while similar crops from Nasarawa (non-tin/columbite mining area), a neighbouring town in the same local government, were used as the control food crops for the study.
The study reported in this paper seeks to obtain more comprehensive data on the concentrations of 15 metals (Na, K, Ni, Cu, Mg, Fe, Ca, Zn, Pb, Cd, As, Se, Cr, Mn and Sn) in the soil, five major food crops and a pond using as a source of potable water from Udege derelict tin/columbite mining area in Nigeria. Physicochemical properties of the water collected from the pond were also investigated. This type of work is important since the edible crops planted around the derelict tin/columbite mining area have the ability to bioaccumulate and biotransfer harmful minerals to ruminants that serve as protein sources to human beings and/or direct consumption of the plant crops as sources of food. In addition potable water supply to communities in Nasarawa State is the responsibility of the government which in most cases has been characterized by low productivity, small coverage and inefficient service delivery. Nasarawa Local Government Area is one of the areas that do not enjoy potable water supply. Most rural dwellers therefore depend on various available water sources including pond from the Udege tin/columbite mining area. However, it is well established that one of the primary anthropogenic sources of heavy metals is mines [8] thus emphasizing the important of this study.
EXPERIMENTAL

Sampling
Samples were taken from farms located in the abandoned tin/columbite mining Udege area of Nasarawa local government, Nasarawa State, Nigeria (Figure 1 ). An auger was used to take soil samples from the surface down to a depth of about 15 cm at various locations. Five different food crops of the same varieties as mentioned above were randomly harvested from the farms within each location at peak of the harvest by making arrangement with the respective farm owners. Similar crops were also harvested at the control site in Nasarawa. Harvesting period is between August and November 2008 of the same year. These were stored in polythene bags. Water sample was taken from a pond located in the abandoned mining area between August 2008 and March 2009 on a monthly basis. This was done in order to cover both wet and dry seasons. The samples were taken in pre-cleaned 1 litre polythene plastic kegs and acidified (pH 1.5) with Analar grade concentrated nitric acid. They were kept in ice chests and transported to the laboratory. The water sample temperature was taken immediately at the site of collection using a simple thermometer calibrated in degree Celcius, pH was measured using a BNC pH meter (UK) and electrical conductivity was measured using conductivity meter model NATOP PB5 (China). The water samples were then stored in the deep freezer (-4 o C) until further analyses were carried out. 
Sample treatment
Once in the laboratory, the soil and plant crop samples were air dried. After drying, the soil particles were ground into fine particles using the laboratory mortal and pestle. The fine soil particles were sieved using a 200 mm mesh sieve. The finer soil particles were packed in samples bottles and labelled. Each crop sample was oven dried at 105 o C for 2 h. The dried samples were then milled into powder using Author Thomas milling machine, sieved as above and appropriately labelled. A portion, 0.5 g, of each soil and crop samples was weighed using Metler balance AE 160 weighing machine (UK) in 50 mL Pyrex glass beakers. Concentrated HCl, HNO 3 , HClO 4 and HF were added in that order to each of the samples in 5 mL applications. The beakers containing each of the samples were placed on the heater for about 3 h [9] . For the liquid sample, 5 mL of concentrated hydrochloric acid was added to 250 mL of water and evaporated to 100 mL. The concentrate was transferred into a labelled bottle container after cooling [10] .
The concentrations of Ni, Cu, Mg, Fe, Ca, Zn, Pb, Cd, As, Se, Cr, Mn and Sn in the three matrices (soil, food crop and water samples) were determined with an atomic absorption spectrophotometer (Buck scientific 200A model London, UK). Those of Na and K were determined with a flame photometer (Corning, Model 405, Gallenkamp, London, UK) using NaCl and KCl to prepare the standards [11] . Determinations were made on dry weight (DW) basis for all the samples.
Other physico-chemical parameters determined in the water samples were; alkalinity and total hardness by titrimetry method [12] , chloride ion was measured by chloride ion meter (Model KRK, Cl-5Z Japan), phosphate (molybdophosphoric blue colour method in H 2 SO 4 system) and nitrate were estimated using a PYE UNKPM visible spectrophotometer, (London, UK) total dissolved solids by gravimetric method and chemical oxygen demand (COD) by APHA method [12] . All the chemicals used were of analytical reagent grade and obtained from British Drug Houses (BDH, London).
Names of towns (as appropriate) were used in the various Tables whereas 1, 2, 3 were used to represent three different zones where the soil samples were collected.
Statistical analysis
All the data generated were analysed statistically [13] . Parameters evaluated were grand means standard deviation and coefficient of variation. All the determinations were in triplicate.
RESULTS AND DISCUSSION
Levels of metals in three different zones of Udege tin/columbite mining area are shown in Table  1 DW) occupied the lowest position in the respective soils. Cadmium was not at detectable range of AAS in all the soil samples. The coefficient of variation percent (CV%) for all the metal analysed in the soils ranged between 1.65% for iron to 116.72 for magnesium. The order of variation is Mg > Ca > Zn > Pb > Ni > Mn > Cu > Na > K > Cr > As > Sn > Se > Fe. (Table 3) . Cadmium in all the food samples, lead in Sorghum bicolor and Arachis hypogea, and manganese in Zea mays were not at the detectable range of AAS for food crops grown in the mining area while metals that were not detected in all the food crops from non-mining area were lead, cadmium and tin. Iron was the most abundant in the soil samples determined with values ranging from 249.73 to 256.63 mgkg -1 DW ( Table 1 ). The observation here confirms that most soils contain appreciable quantities of iron [14] . However, the concentration was low in the plant crops grown in the area. Fe 3+ will be carried by acidic solutions but a slight increase in hydroxyl ion concentration would result in its precipitation as the hydroxide thereby making it unavailable. If a solution contained Fe 2+ and Mn 3+ then the following reaction is possible: and the values for Fe 2+ suggest that it would indeed proceed to the right [12] ; thus will further reduce the level of iron in solution. Iron is an essential nutrient for humans; hence, appropriate content of iron in food crops is essential for good health.
The tin levels were generally low with values ranging from 0.05 mgkg -1 DW in Sorghum bicolor to 0.75 mgkg -1 DW in Arachis hypogea in the food crops planted in the mining area (Table 2 ). Tests have shown that considerable quantities of tin can be consumed without effect on the human system [15] . Small amounts are present in most liquid canned products; its limit in foods is 300 mgkg -1 in the USA and 286 mgkg -1 in the UK which far exceeds the amount found in canned products of good quality [16] .
The relatively high concentrations of Fe, Zn, Pb, As, Mn and Sn in the food crops planted in the mining areas compared with the ones in non-mining areas is an indication of presence of heavy metal pollution due to the mining activities in Udege area. Lead enters the food chain through consumption of lead bearing food stuffs and through inhalation. It has been found that one third of daily lead intake occurs through inhalation and the remaining two thirds from diet, this leads to lead accumulation in the body causing toxicity. The name given to the disease caused by lead poison is plumbism or saturninism [17] . A blood concentration above 2 µmolL
suggests undue exposure and is associated with the risk of developing lead poisoning [17] . All the Udege food samples were low in lead (Tables 2 and 3 ). Comparison of metal content levels in the soils and plant crops in Tables 1 and 2 would show that all the metals determined were either more concentrated in the soils or compare favourably with ones in plant crops on a pair wise basis. This meant that the soils would serve as a reservoir source of all the metals in the environment. However, all the metal content levels determined in the soils were within the worldwide background contents of metals range [18] . The metal levels in the pond located in the abandoned mining area are presented in Table 4 . The highest concentrated metal was sodium (3.10 mgkg -1 ) while the lowest was Sn (0.05 mgkg -1 ). Cd and Mn were not in the detectable range of AAS. Minerals are very necessary for life [19] [20] . The values obtained for sodium and potassium fall within the WHO/USEPA guidelines [21] . Sodium controls body water balance and plays a role in muscle contraction. Potassium spares sodium in the human body and its concentration in food when higher than sodium has a nutritional advantage. Calcium and magnesium content for each sample in the present study are within the WHO recommended range [22] , indications that the water is desirable for drinking without any adverse effect on consumers. Calcium helps in blood clotting, in muscles contraction and in certain enzymes in metabolic processes. It has as a coordinator among inorganic elements; when potassium, magnesium or sodium is in excess in the body, calcium is capable of assuming a corrective role [23] . Magnesium is the second element contributing to both carbonate and non-carbonate hardness in water usually at a high concentration much lower than that of the calcium component. Magnesium is essential for bone formation, for reproduction and for normal functioning of the nervous system and it is also known to be a part of the enzyme system [24] . But when calcium and magnesium are in excess, they are undesirable in domestic water due to the problem of scale formation. Lead concentration level of the pond was 0.44 mgkg -1 . Lead even at low concentration is known to be toxic and has no known function in biochemical process. It can impair the nervous system and affect foetus, infants and children resulting in lowering of intelligent quotient (IQ) even at its lowest dose [25] . The onset of lead pollution of surface waters in Nigeria has been reported [26] . Lead sticks to soil particles and enters drinking water only if the water is acidic or soft and from the result presented in Table 5 , Udege tin/columbite mining pond showed acidity with pH of 6.81. However, lead content value in the present study is higher than USEPA guideline [26] recommended value of 0.05 mgL -1 . Cu and Zn are essential metals and play an important role in enzyme activity [27] . Selenium content (0.44 mgkg -1 ) is higher than the recommended value of a lethal dose in food between 0.1 and 0.5 µgg -1 [17] . Some of the diseases caused by Se to mammals include accumulation of fluid throughout the body and destructive damage to the liver. The early symptoms of acute toxic effects of Se are sore throat, fever, vomiting, irritation to eyes and nose, headache, gastro-intestinal irritation, sleepiness or drowsiness; drop in blood pressure, dermatitis and garlic odour of the breath [28] . Arsenic level (0.12 mgkg -1 ) in Udege water sample is higher than USEPA recommended value (0.05 mgL -1 ) [26] . Arsenic has been implicated in lung cancer, especially when the arsenic compound inhaled is of low solubility. It has also been found to have an effect on the liver by causing a disease termed cirrhosis and a rare form of liver cancer called haemongioendothelioma [29] . Chromium level was 0.43 mgkg -1 , the metal is essential for life. Its deficiency results in diabetic mellitus and increases the toxicity of lead [15] . The Zn, Cu, Mn and Sn content in the pond water sample analysed were found to be within the permissible limits of WHO/USEPA and Canadian government standards [26] . Similar observation was made with the Federal Ministry of Environmental water standards for aquatic life to which most metals conform [30] . However, because a metal concentration in the aquatic environment is low and considered to be naturally occurring or background, does not mean that the concentration could not cause adverse ecological effects [26] . The presence of one metal can significantly affect the impact that another metal may have on an organism. The effect can be synergistic, additive or antagonistic [21] . Iron content is higher in the water sample and higher than the permissible level of USEPA guideline for drinking water (Table 4) . Iron facilitates the oxidation of carbohydrates, proteins and fats. It therefore contributes significantly to the prevention of anaemia. Iron also plays an important role in the oxidative processes of respiration in living organism and also for normal functioning of the central nervous system [31] . It has been reported that iron overload can cause liver toxicity and increase the risk of liver failure or hepatocellular caranions in humans [32] . The presence of high concentration of iron in our water sample is unacceptable for consumption and not only that, high content of iron in water could give to iron-dependent bacteria which in turn can cause further deterioration in the quality of water by the production of slimes or objectionable odour [33] , again emphasizing the importance of this type of study. Table 5 shows physico-chemical parameter levels of water samples from the pond located in Udege tin/columbite mining area. Phosphate and nitrate were not present. The pH is a function of the dissolved material in water and should be less than 8.5 [26] . The pH in this report is low (6.8) which implies that the pond is acidic and may not be favourable to the existence of bacteria in the pond. The temperature values (25.33 o C) comply with WHO recommended value of 25 o C. Turbidity is a function of the suspended matter in water which ranged from colloidal to coarse dispersion while chemical oxygen demand (COD) is used for estimating the concentration of organic matter in wastewaters. The values of turbidity (0.40 NTU) and COD (6.22 mgL -1 ) obtained in this report showed that the pond was not seriously polluted because high value of COD implies that such water will have objectionable odour, render the water unfit for domestic purpose and reduce oxygen available for aquatic organisms. Chloride concentration was 0.4 mgL -1 . Chlorides occur in natural water at varying concentrations depending on the geochemical conditions. Chlorides are the most stable components in water with concentration that is unaffected by most natural physicochemical or biochemical processes; their amount in water is useful measure in water samples. Chloride can range from < 10 mgL -1 to > 2500 mgL -1 (in sea water) [34] .
CONCLUSIONS
This work has presented metal concentrations (Na, K, Ni, Cu, Mg, Fe, Ca, Zn, Pb, Cd, As, Se, Cr, Mn and Sn) in Vigna unguiculata, Vigna subterranean, Zea mays, Sorghum bicolor and Arachis hypogea planted and harvested in Udege tin/columbite mining area of Nasarawa State, Nigeria. Metal concentrations of the soils as well as ponds of the mining area were also presented. The results revealed that there was an indication of some heavy metals pollution in the old mining area although values of these metals are within acceptable range. The study further revealed that water from the abandoned pond located in the mining area was not desirable for drinking because of the presence of some toxic trace metals above the permissible safe level. This work therefore will serve as baseline information for future work.
